In vitro, depending on extracellular matrix (ECM) architecture, macrophages migrate 16 either in amoeboid or mesenchymal mode; while the first is a general trait of leukocytes, the latter 17 is associated with tissue remodelling via Matrix Metalloproteinases (MMPs). To assess whether 18 these stereotyped migrations could be also observed in a physiological context, we used the 19 zebrafish embryo and monitored macrophage morphology, behaviour and capacity to 20 mobilisation haematopoietic stem/progenitor cells (HSPCs), as a final functional readout. 21
Introduction 29
Macrophages were for the first time identified as phagocytic cells responsible for pathogen 30 elimination (Metchnikoff, 1892) . Over the past century, they were associated with homeostasis, 31 innate and adaptive immune responses, inflammation, tissue remodelling and cytokine production 32 (Gordon and Taylor, 2005; Wynn et al., 2013) . Macrophages are the most plastic haematopoietic 33 cells present in all tissues; their diversity depends upon their location, their morphology, their 34 membrane receptors or surface markers (Wynn et al., 2013) . Depending on tissue composition 35 they infiltrate and environmental constraints, macrophages adopt different migration modes 36 (Vérollet et al., 2011) . In the course of a three-dimensional (3D) migration, macrophages can 37 either adopt an amoeboid or a mesenchymal migratory mode. In case of an amoeboid migration, 38 cells take on a round or polarised shape and migrate through the extracellular matrix (ECM). In mouse and human, macrophage characterization was mainly performed in vitro using bone 44 marrow derived macrophages. Recently, the zebrafish model was used to resolve specific issues 45 during the developmental process or to address accurate pathologies. The transparency of 46 zebrafish embryos enables the live imaging and real time tracking of cell populations. We and 47
Dynamics of macrophage migration in vivo 93
The analysis of macrophage shapes revealed the existence of four morphological subgroups 94 distributed in the zebrafish AGM. To assess the behaviour of each macrophage subgroup, we 95 imaged Tg(Mpeg1:mCherry) embryos over the course of one hour (acquisition every minute; 96 Video 1.). We selected time frames in colour depth projection that illustrated the dynamics of 97 macrophages able to adopt different shapes within fifteen minutes ( Fig. 2A-F and to demonstrate their ability to migrate in 3D patterns (Video 1). In vivo tracking of all 102 macrophages within a 60 minute timeframe demonstrated that no specific directionality was 103 maintained during their migration (Fig. 2G, n=23 ) as opposed to macrophages attracted to a 104 wound site as an example of typical oriented migration (Fig. 2H, n=27) . The speed of migration 105 remained the same in both cases (data not shown). Subsequently, we quantified the evolution of 106 macrophage shapes over time. Every single macrophage in the AGM reveals an ability to change 107 shape within a very short time span (measured every 5 minutes) and to pass repeatedly through 108 distinct shape subgroups over a 30 minutes course (Fig. 2I, n=10 ). The round shape appeared less 109 frequently than others and live imaging showed that cells often adopted a round shape under two 110 specific conditions: during cell division or once the macrophage entered the bloodstream. 111
In conclusion, macrophage real time imaging completes the characterisation of mesenchymal 112 migrating macrophages and shows for the first time that they can adopt successive morphologies 113 for their migration in the 3D matrix. 114
115

Rac inhibition modifies macrophage behaviour and function 117
Using in vivo imaging we showed that macrophages exhibited morphological plasticity during 118 their migration. This high plasticity depended on both, external (the stroma rigidity) and intrinsic 119 parameters (cytoskeleton dynamics) (Vérollet et al., 2011) . One intrinsic factor associated with 120 mesenchymal migration is the small GTPase-Rac signalling. We thus investigated the effect of 121
Rac chemical inhibition on macrophage shape and migration patterns. The macrophage shape 122 distribution in Rac inhibitor (NSC23766) treated embryos did not significantly differ from that of 123 DMSO treated control (Fig. 3A , N DMSO =10 and N Rac inh. =15 embryos). Selected images from 124
Video 2 (colour, depth, projection, bottom) demonstrated that the macrophage migration was 125 much slower than that of control embryos ( Fig. 3B-E , Video 2, top). Macrophage speed 126 measured over 60 minutes in the AGM confirmed a decrease in velocity from 2.37 ± 0.13 127 µm.min -1 to 1.13 ± 0.16 µm.min -1 (Fig. 3F) . 128
The tracking plot diagram illustrated macrophage migration path and distance in control and Rac-129 inhibited embryos (Fig. 3G-H , n=15 macrophages from 4 embryos, position measured every 130 minute over 1 hour) and revealed that Rac inhibition reduced macrophage moves from 130.9 ±7.5 131 µm to 56.8 ± 7.8 µm. Moreover, the analysis of macrophage shape dynamics, revealed a 132 reduction in macrophage plasticity over time as macrophages were no longer able to 133 consecutively adopt different shapes ( Fig. 3I, right ; n= 7) versus control ( Fig. 3I, left; n= 7) . 134
However, in spite of reduced plasticity levels, membrane extensions were still formed at the same 135 rate and with similar length as in control macrophages. Rac inhibition resulted in an increase in 136 single extension span (from 2.8 ± 0.3 min to 11.0 ± 1.9 min, n extension = 45) as opposed to that of 137 control macrophages. 138
As macrophage migration and morphological plasticity were significantly affected by Rac 139 inhibition, we decided to evaluate the functionality of these macrophages. The main role of AGM8 macrophages is to degrade the ECM and to enable HSPC migration (Travnickova et al., 2015) . In 141 vivo zymography of Tg(Mpeg1:mCherry) embryos at 48 hpf, revealed a significant reduction in 142 gelatin degradation and thereby a lower gelatinase activity (decreased number of green dots of 143 cleavage-revealed FITC) in Rac inhibited embryo compared to control (Fig. 3J) . Since the 144 proteolytic function of macrophages in the AGM is essential to HSPC mobilisation, we assessed 145 the effect of Rac inhibition on haematopoietic organ colonisation. We noticed an increase in 146
HSPCs accumulated in the AGM at 48 hpf (+70±8%, n=6) and consequently a decrease in HSPC 147 accumulated in the CHT at 55 hpf (-41±2%; n=5). 148 149 150
MMP inhibition affects macrophage shape, behaviour and function. 151
Rac inhibition has an impact on macrophage proteolytic activity and consequently on their 152 function. To assess whether direct inhibition of macrophage proteolytic activity induces a similar 153 behaviour, we soaked embryos in a medium containing SB-3CT MMP inhibitor. We previously 154 demonstrated that ECM degradation occurred as a result of macrophage-secreted MMP-9 around 155
HSPCs to enable their intravasation. We evaluated the direct impact of MMP inhibition on 156 macrophage morphology and noticed a variation in shape distribution: an increase in round shape 157 number and a decrease in star-like and elongated shapes (Fig. 4A) . Moreover, MMP inhibition 158 affected macrophage migration and behaviour ( Fig. 4B-E 
, Video 3). Selected images from Video 159
3 displayed a typical example of macrophage migration pattern. Using Colour depth projection 160 we were able to visualise the 3D migration of macrophages in the AGM and noticed that in 161 MMP-9 inhibited embryos, macrophages migrated mainly in 2D. At a given point in time, they 162 adopted a single colour whereas in control embryos we observed dynamic changes indicated by 163 the presence of several colours at one time point ( Fig. 2A-F) . Moreover, Video 3 showed themacrophages adopted different migration pattern resembling to the leukocyte crawling on vein 165
vessel. 166
Furthermore, we observed that MMP inhibition affected macrophage velocity and directionality. 167
The speed of migration increased more than 3 times compared to the control (from 2.20 ± 0.11 168 µm.min -1 to 7.80 ± 0.92 µm.min -1 ; Fig. 4F ). Finally, a tracking plot diagram which illustrated the 169 migration path and distance of macrophages in the AGM in control and MMP-inhibited embryos 170 ( Fig. 4G and H) revealed that migration directionality increased from 0.27 to 0.66. Cell tracking 171
showed that macrophages migrated along the vein, in the same direction as the blood flow. We 172 concluded that, MMP inhibition affected both macrophage shape and migration patterns. They 173 adopted a MMP independent migration pattern with increased velocity which was reminiscent of 174 an amoeboid type of migration. 
Live Imaging 236
Zebrafish embryos (lateral views, rostral to the left) were embedded in 0.7% low melting agarose 237 and imaged using a Zeiss LSM510 confocal microscope through a 40x water immersion objective 238 with a 1024x256 pixel resolution at 28°C. All live imaging experiments were performed at 46-48 239 hpf and all time-lapse imaging occurred at an acquisition rate of one minute at a 1µm z-interval. 240
The acquisitions were performed using ZEN2009. Image processing such as maximum intensity 241 projections, 3D view, and overall image contrast adjustment were performed using Fiji software. Confocal stacks of membrane-labelled macrophages were projected using a maximum intensity 251 projection and 2D images were binarised using an automatic threshold. The following shape 252 descriptors were evaluated using the Fiji plugin Particle analysis: area (µm²), perimeter (µm), 253 circularity and roundness. The elongation factor was manually measured by dividing the longest 254 axis of the object by its longest perpendicular axis (x/y). Objects with an area under 80 µm² were 255 excluded from the further analysis. Circularity was calculated using the following formula: 4π x 256 (area/perimeter²). This parameter varied from 0 (linear polygon) to 1 (perfect circle). Circularity 257 was used to set apart round objects (circularity > 0.2) and roundness and elongation factor 258 enabled us to break down non-round subjects into 3 subgroups: elongated, amoeboid and star-like 259 
Statistical analysis 291
Normal distributions were analysed using the Shapiro-Wilk test. Non-Gaussian data were 292 analysed using the Wilcoxon test, Gaussian with Student t-test. P<0.05 was considered as 293 statistically significant (symbols: ****p<0.0001 *** p<0.001; ** p<0.01; * p<0.05) Statistical 294 analyses were performed using the R software. 
